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ABSTRACT 
■ 

Difluoramlne (in sulfuric acid) was added to the double- "bonds of acrylic • 

acid and methyl vinyl ketone. The latt§r adduct was converted to tris(difluor- 

amino)butane. Cyclic NP compounds were formed from 5-hexene-2-oneand 5-methyl- 

5-nibro-2-hexanone. Acetylene underwent the addition of two moles of difluor- 

araine. In the case of propargyl chloride, the product was identical to thqt 

prepared from chloroacetone. 

Ethyl N-fluorocarbamate formed a stable anion, which was converted to the 

N-methyl, N-chloro, and N-bromo derivatives. N-Pluoriraino dicarboxylic acid 

diethyl ester was formed by the reaction of this anion with ethyl chloroforraate, 

N-trorao-K-fluorocarbamate, or dichlbrofluoramine. Dichlorofluoramine was formed' 

from the reaction of sodium hypochlorite with ethyl N-fluorocarbamate, ethyl 

N-chloro-N-fluorocarbamate, or N-fluoriminodicarboxylate. Butyl N,N-difluoro- 

carbmnate was prepared by a fluorlnation in ethylene dichloride. 

Side products in the aqueous fluorination of urea were identified as biurea 

and azodicarbodiamlde. 

An unstable product was obtained from the reaction of tetrafluorohydrazine 

with dichlorofluoramine. 
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I. INTRODUCTION 

The objective of this vor!: Is to develop new methods of preparing high- 

energy materials which are of interest for military applications. 

II.      TECHNICAB DISCUSSION 
* • 

A.   REACTIONS'OP DTAUORAMINES (K. Baum) 

1«   Discussion   . , 

The reactions of several ketones with difluoramine in sulfuric 

acid have produced gem-difluoramines, although cyclic difluoraminoethers or 

lactones wgre^ formed from some hetones with oxygen-containing functional groups. 

This investigation was continued, with emphasis on determining the effects of 

functional groups^and unsatuyatiqn on the reaction. 
• •    • 

Tertiary all:yl difluoramlnes have been prepared previously by 

the reaction of difluoraräne in sulfuric acid with olefins capable of forming 

tertiary carbonium ions, although the analogous compounds were net formed from 
Ml 

olefins capable of forming secondary carb<jnlum ions. It might therefore bo 

possible to-selectively react thecarbonyl of an unsaturated ketone to form a 

ram-difluoramino olefin. 

I 
I 
t 

I 

When 5-hexene-2-one was used as the starting material, this 

.course was not followed.    The product was soluble in concentrated sulfuric acid, 

"and was'isolated by quenching the acid with ice.    The elemental analysis indicated 

the structure 2, 5-diinethyl-2-(difluora3.iino)tetrahydrofuran.    The infrared spec- 

trum (Figure l) was similar to that of 2, 5-bia(difluoramino)-2,5-dimethyltetra- 

hydrofuran. The reaction apparently proceeds by protonation of the 

^Aerojet-General Report No.  0255-01-10,  ik April 196l (Confidential). 
Rohm and Haas Co.,  Quarterly Report on Synthetic Chemistry,  Part II, 

n^lB November I960,» p. 25 (Confidential). * 
Aerojet-General Report No. 0255-01-10,  lh April 196l,   Fiß. 7 (Confidential). 

CONFIDENTIAL 
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II Technical Discussion, A (cont.) ' Report No. 0255-01-11 

olefin, followed by cyclization and.attack on difluoraraine: 

CH^CHCHgCHgCCH 
r 

^.  2      I  2 

Ci^-CH       C - CH, f- "S 
\/\ NF 

0,   Wr2 

■^   CH-CHCH^HgCCH, 

CHp - CH 

CH,-CH        C - CH, 
3   \/®^ 

I 

I 

I 
I 
I 
I 

The reictiou of methyl vinyl ketone with difluoraraine in 

sulfuric ncid has yielded tris(difluoraraino)butane.    The infrared spectrum of 

this product is shown in Figure 2.    ^/hdh nn insufficient ?.nount of difluoraraine 

was used,  however,   a product WM formed which retained the infrared carbonyl band 

of the starting material,  but lost the olefin band.    Thus,  the first step appeal's 

to be an acid-catalyzed Michael addition followed by the replacement of the 

carbonyl. . '+• 

C!I0 = CH - C - CH, 
2 i, 5 

H 
-)   CH0 = CH - C    - CH, 

OH 

HW. 
NF2CH2CH2 = C    - CH. f 

OH 

\ 

NF2CH2CH2CCH3 

HHT1, 

ff CH -Cft=C-C:L. 
2    i   5 

OB 

NF. 

-)   NF CH^CH CCH, 
2    2    2      5 

NF_ 

The initially formed carboniun ion would react with difluorar.ine to give 

predominately the terminally substituted product,   since addition to the carbon 

containing the hydroxyl group should be rapidly reversible. 

Page 2 
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II Technical Discussion,  A. (cont.) Peport No. 0235-01-11 

This mode of additiori\wa8 confirmed for the acid-catalyzed 

addition of difluorunine to acrylic acid to give ß-(difluoramino)propionic acid. 

The infrared and proton NMR spectra   are shown in Figure 5.   The F-   NMR spectrum 

gave the expected triplet due to coupling with the adjacent CH- group broadened 
Ik by N     quadruple interaction. • 

+ ^ 
CHrt = CHCOOH —^—> CH. = CH - C - OH 2           ' 2    • | 

BSF I 
OH 

IIF^CH^CH^COOH i ^— .+, CHrt - CH = C - OH "2 2 2 ■ / «"2 I 
OH 

i Previous attempts to prepare gem-difluoraroines from poly- 

*     nltrohetones were unsuccessful.   The investigation has now been extended to 
K W li 

. mononitroketones.    5-Methyl-5-nitro-2-hexanone       undenfent a novel denltration 

I reaction to give 2, 5, 5-trimethyl-2-(dixluoramlno)tetrahydrOi\iran.    This produce 

was identified by analysis and by its infrared spectrum (Figure h) which is 

I similar to those of the other r>(difluoramlno)tetrahydrofuranB which were 

prepared in this study.    This reaction probably took place by the protonation of 

I thenltro ßroup  followed by the loss of nitrous acid,  possibly with assistance 

by the carbonyl: 

We arc indebted to Dr. D. W, Hoore,  U.S. Naval Orcln?jice Test Station, 
China Lake,  California,   for the NMR analysis. 

__ • • • 
tercJet-General Report No. 0255-01-10,   Ik April 196l (Confidential). 

***H. Schechter,  J.  «im. Chem. Soc,  2^   ^6k (1952). 
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fß 
(C^ C CH2 CH2    C0^-ft-H    (cVa f CH2 CH2 $ CH5 

M^ 0 NO, 

• ?H2 " ?H2 
CH, - C 0 - CHr k- 

^N 

OH, - C C - OIL 

OIL 0     NF. 
3 2 

HO7 ^0 

■     I 
(CH5)2 C CH2 CH2 0 CKj + HN02 

® • 0 

M - 

When 5-nitro-2-hexanone   was used as the 8tarttn"g material, 

this reaction vaa not observed.    The infrared spectrum of the product^showed NP2 

and nitre bonds, but only a trace of carbonyl.    The boiling polqtt (5^/0.1 mm) 

was close to that of the starting material (6_5O/0.o8 m)', as has been found to ' 

be the case for most gem-difluoramlno derived from ketones.    The product of t!ie 

preceding reaction,  on the other hand,,  distilled at 50°/19 ■■.   Vapor-phase 

ihronr.tography\ndicated that the scuflple contained 25* of the starting mterial. 

An'attenpt to obtain an analytical sannle by this method gave an unstable 

material.    This work will be repeated in order to determine whether the product 

is the desired gem-difluoramino nitro compound. 

The reaction of propionaldehyde with difluornraine in sulfuric 

acid previously gave a mixture of a,  ,:.'-bls(diflurajmiilo)propyl etheV and 1.1- 

bis (dif luoraJiiino)propane. 

Ibid. 
Aerojet-General Report No. 0255-01-10,   1^ April 196l,  ?. 9 (Confidential). 
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II Technical Discussion, A (cent.) Report No. 0255-01-11 

HNF, 
CH3CH2CHO H^7 

■f. 
I 2 

> CH,CILCH  + W 
0. 

NF. NF0 i 2 i 2 
CH-CHgCH-OCHCHgCF 

The relative amounts of these products depended on the amount of sulfurlc acid 

used. This reaction has heen repeated, using fuming sulfurlc acid instead of 

the 9o(,'' reagent, and the product consisted almost entirely of the gem-difluoramlne. 

The reactions of paraformaldehyde or t^loxane with HNFg in 

sulfurlc acid have given c, C-bis(difluoramlno)methyl ether rather than his- 

(difluorainino)nethane.   However, the importance of the acid in determining 

the course of the reaction with proplonaldehyde suggested that fuming sulfurlc 

acid would be a more satisfactory reagent than concentrated acid for preparing 

bis(difluoromino)methane, k scouting experiment on this reaction did not 

produce the dlfluoramlnoether. A gaseous product was formed with strong infrared 

peaks at 10.0 and 10.k \i,  peaks which are usually found in gem-difluoramines. 

This product has not yet been isolated in pure form. 

The reaction of chloral hydrate with difluoramine in concen- 

trated sulfurlc acid did not give a product Insoluble in the acid. The infrared 

spectrun of the material that was Isolated after water-quenching suggested a 

mixture of the starting material and the alcohol derived from the addition of 

difluoramine to the carbonyl. 

A new reaction for the synthesis of IIF conpounds is the acid- 

catalyzed addition of difluoramine to acetylenes. This reaction was carried out 

in the same manner as the reaction of difluoramine with carbonyl compounds in 

sulfurlc acid. Both 1-hexyne c«nd 5-hexyne gave bis(difluoramine)hexane3, as 

shown by elemental analysis. The direction of these additions is not knqjm, 

inasnuch as the results of NMR analyses are not yet available. 

Quarterly Progress Report on Synthetic Chemistry, Rohm and Haas Co., Report 
No. P-60-24, Pt. II, 15 February 1961, p. 5 (Confidential); Aerojet-General 
Report No. 0235-01-10, 1^ April 196l, p. 9 (Confidential). 
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II Technical Discussion, A (cont.) Report No. 0235-01-11 

In order to test the possibility that the addition of HNF to 

acetylenes proceeäs through the hydration of the triple hond to give a ketone 

a control experiment was carried out. 5-Hexyne was treated with sulfuric acid 

under approximately the conditions used for the HNPp reactions. A 50^ yield 

of 5-hexTnone was isolated. Although this result suggests that the HNF. addition 

follcn/s the hydration of the triple bond, the possibility that the direct 

addition of HNP. to the triple bond takes place at a faster rate than hydration 

cannot be ruled out. 

The addition of HNF to propargyl chloride has also been accom- 

plished. The product was l-chloro-2,2-bis(difluoramino)propane which was Identical 

with the product previously obtained from chloroacetone. 

HNF0     ^2 
HC ^ C OH« Cl  „ „I  > CH, C CH2 Cl H2S0U 

NP. 

1,6-Heptadlyne gave a complex high-boiling product which 

shoved infrared absorption due to NF, as well as carbonyi and hydroxyl groups. 

Phenylacetylene gave a vigorous evolution of gas when It was added to difluoramine 

and sulfuric acid. No product vas Isolated. 

The reaction of furruis with difluorcmine in sulfuric acid was 

also undertaken as an extension to the addition of difluor?xiine to unsaturated 

compounds. 2, 5-Dlmethylfuran yielded a material with a very simple infrared 

spectrum (Figure 5). The relatively weak absorption in the range from 7.5 to 

9.5^ suggests the absence of an ether linkage. However, the analytical results 

that have been obtained cannot be rationalized. Two attempts to use furan as 

the atarting material resulted in explosions after the addition of the first 

drop to the mixture of difluoramine and sulfuric acid. 

The acid-catalyzed reactions of several ketoacids have been 

carried out, although analytical data was not obtained becauae the products 

Aerojet-General Report No. 0255-01-10, 1^ April 196l, p. 12 (Confidential). 
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II Technical Discussion, A (cont.) Report No. 0255-01-11 

f '\ 

presented difficult problems in purification. However, the infrared spectra 

indicated that N-F-containing acids were formed from pyruvic acid, 2-ketoglutaric 

acid, and 5-ketohexanoic acid. 

The preparation of the gem-difluoraiaine from propionaldehyde 

using fuming sulfuric acid as the solvent suggested that the cyclic ethers and 

lactones formed in other reactions using concentrated acid might also be con- 

verted to the gein-difluornmines with the fuming acid. The reaction.^of levulinic 

acid, which previously gave li-(difluoramino)-7-valerolactone, was therefore 

repeited using fuming sulfuric acid. A 75/» yield of the lactone was obtained. 

2.   Experimental 

a.   2, 5-Dimethyl- 2- (Difluoramino) tetrahydrofuron 

The general procedure used for the difluoramine reactions 

was described,'previously. 

Approximately 7 g of difluoranin* was generated and 

allowed to reflux over 2.^5 g (0.025 mole) of 5-hexene-2-one. After refluxing 

began, reaction exotherm raised the temperature from k to $0 C. AJfter the . 

temperature again dropped to 00F, 15 ml of concentrated sulfuric acid was added 

dropwise. After U.5 hr-the -difluoranine ivras removed, and the homogeneous aci4 

solution was poured over 150 nl of cracked ice. A heavy oil separated, and the 

aquepus-mixture was extracted with four 50-inl portions of nethylene chloride_ 

and'the nethylene solution was dried over sodium sulfate and distilled. The 

residue, 5 fe, was.vacuum-distilled to yield ,2.6 g (0.0172 mole, 6S$ yield) of 

2, 5-dinethyl-2-(difluoramino )tetrahydrofuran, bp ^ C/Qrm; n^   1.5970. 

• •   • 
Anal, calc'd for Cfl^UF^: 

Found; 

C, U7.7; H, 7.29; I,' 9.28 

C, U7.6; H, 7.17; N, 9.61.' 

"Aerojet-General Report No. 0255-01-10, lU April 1961, p. 6 (Confidential). 

"Aerojet-General Report No. 0255-01-10, 1^ April 1961, p. 10 (Confidential). 
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b. ß-(Difluorainino)proplonic Acid 

To a refluxing mixture of 8 G of difluoramlne and 15 al 

of concentrated sulfuric acid was added dropwise '♦O g (0.05^16 mole) of acrylic 

acid stabilized with methylene blue.    After 2 hr, the solution was poured over 

ice, and the product was extracted with methylene chloride.   The methylene 

chloride solution was dried over sodium sulfate and distilled to yield k.6 g (675« 

yield) at Mdin\iramlne)propionic acid, bp 57-60OC/l mm; i^5 1.5099. 

Anal, calc'd for C,HJrF 0: 

C,  26.8; H,  U.0; N,  11.2 

Pound: C,  25.8; H,  U.28; N,  11.2. 

c.       Tris(difiuoroanino)propane 

To a refluxing mixture of 6 g of;difiuoramine.and 20 uü. 

of sulfuric acid was. added dropwise 2.0 g (0.2Ö mole) of methyl vinyl ketone. 

The Itctone dissolved Initially,  and.after 2 hr an orange layer began to-separate. 

After another 2 hr, the excess difluoramine was removed, and the product was 

vacuum-transferred into a#-80 C trap at 1 mm Hg.    Distillation then gave 0.6 g 

cf tri3(difluoramino)propane, bp 58°C/58 ran.    An analytical sample was prepared 

by vapor-phase chroraatography. .      • . 
• •     ■ 

Anal, calc'd for-CJI_N,P, 
• • • 

C, 22.7Ü; H, 3.51; p, 19.90 

Found: "C,  23.1; H,  5:51; ■«  19.90. 

d.        2,.5,5-Trimethyl-2-.(difluoraMno)tetraJaydrofuran 

To a refluxing solution of U.5 ml (0.05 mole) of 5-nltrc- 

5-methyl-2-hexanone and 8 g of 'difluoramlne was added dropwise 15 ml of concen- 

trated sulfuric acid.    The temperature of the solution was maintained between 

-50 and -20 C by partial immersion of the stirred reactor in a -800C bath. 
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Refluxlng was then continued without external cooling for 5 hr. The reactor 

was then cooled to 0° while the excess difluoramine was swept out by a nitrogen 

stream. The solution was poured over 200 ml of ice. A colorless liquid 

separated, and the mixture was extracted with four 50-cc portions of methylene 

chloride. The extracts were combined, washed with distilled water, and dried 

80 hr over Drierlte. The solution was filtered and the solvent distilled off, 

yielding a reddish-brown liquid which was vacuum-distilled at 50-51.50C/l8.5-19 mm 

to yield 3.5 g of colorless liquid. Vapor-phase chrömatography indicated that 

the sample consisted of two components in the ratio 9:1.   The major component 

was separated and submitted for elemental analysis. 

Anal, calc'd for C H-JIF 0: 

^ C, 50.9; H, 7.95; N, Q.kS 

Found:        C, 50.8; H, 7-85; "N, 8.57.  .  .   ." . 

e.   Reaction of 3-Hexyne with Difluoramin^ • 
• ■ 

To a refluxlng mixture of 7 ß of difluoramine Qnd'15>ml 

•of concentreted sulfuric acid, 2.j05 g (0.025 mole) of 3-hexyne was added dropwise. 
• •        • * 

The reaction was highly exothermic, and external cooling was necessary during 

the addition,' in order to keep the temperature at -15 to -20 C. An upper layer 

separated from the' sulfuric acict. Aft<Sr k hr, the excess difluoramine was .'   • 

removed, and the product was vacuum-transferred into a -80 C tra^J at 1 min Hg. 

The product con'sisted of 1.3 S of colorless liquid. The vapor-phase chyoma- . 

tognph indicated that the sample consisted of 9^ adduct and 6^ 3-hexyne; u 

analytical sample was prepared with this tool. 

Anal, calc'd for CgH^F^: 

Found: 

C,   38.26; H,   6Mi N,   1U.88 

0,   37.6; H,  6.50; N,   lU.76. 
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f. Reaction of 5-Hexyne with Sulfuric Acid        , 

5-Hexyne (l.O g, 0.0122 mole) was added dropwise with 

stirring to 15 ml of concentrated«sulfuric acid at -C C. Solution occurred . 

slowly vith darkening. The acid solution was allowed to stand at ambient temper- 

ature for 2 hr and then was poured over 150 ml of ice. The ice was allowed to 

melt, and the resulting mixture xraus extracted with four 50-inl portions of 

methylene chloride. The combined methylene chloride layers were washed with 

50 ml of water and dried over sodium sulfate, and the solvent was distilled off. 

Distillation of the residue gave 0.6 g (0.006 mole, h^ yield) of 3-hexanone, 

bp 12k0,  njp 1.599^. .  • . " 

g. Reaction of 1-Hexynewith Difluoramine 

1-Hexyne (l.0G"g, 0.013 mole) was added*dropwise to 

8 ml of concentrated sulfuric acid and 7 g of ;dfflu<jraniine at-reflux. After 

2.5 hr, the excess difluoramine was removed, and the -oroduct, which formed'a 

separate layer over the sulfuric acid, vßa  vacuvun-transferred into a -80 C trap • 

at 1.5 arm Hg. The product, 0.8 g, was shown to be a single, compound byvapor- 

phase chromatography;      •  _      •    .   . . • , 

Anal, calc'd for OA^JiJ^i   .. <  . 

• '.  .  C, .58.26; H,' 6M1  N, 1^.88 

Found:'     ' C, 3§.20; H,-6--.^; N, ik.kl.   <  ' 

h.        l-Chloro-2,2-bis,(difluoramino)propane 

To a refluxing mixture of 8 g of difluoramine and 15 ml. 

of concentrated sulfuric acid,   1.8? g (0.025. mole) of propargyl chloride was 

added dropwise.    After 5 hr of reflux,  the excess difluoramine was removed and 

the product was transferred at 90 mm into a -80 C trap to give 0.2 ml of a 

. colorless liquid ifter difluoranine was removed by flushing with nitrogen.    The 

infrared spectrum was identical to that of l-chloro-2, 2-bis(difluoraraino)prop"Jie 

which was prepared from chloroacetone. . 

Aerojet-General Beport No. 025^-01-10,   1^ April 1961,  Figure 5 (Confidential). 
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i. Reaction of 2, 5-Dlinethylfurm with Difluoramine 

To a refluxing mixture of 8 g of difluoramine and 15 nl 

of concentrated sulfuric acid was added dropwise 2.U g (0.025 mole) of 2, 5- 

dlraetaylfitrnn.    The reaction «M highly exothermic,  reqxiiring carefully controlled 

addition,    k separate dark-red layer was present immediately after the addition, 

hut dissolved slowly.    A low-boiling red liquid refluxed ;rith the difluoramine 

but was slo^y swept out by the nitrogen stream.    After 2 hr the excess difluor- 

amine was removed and a separate layer which had again foraed was vacuum- 

transferred at* 1 nan Hg into a -80 C trap. 

Anal.,'found:    C, 32.9,  52.6; H,  6.01; 6.27; 

•    N, 15.69; 15.57..' 
* •        * • 

"B.        PREPARATION AND REACTIONS OP N-FUIOROCARB/KMATES (V. Grakauskas) 

1.   .    Discussion ' . *     , • 

• •     •   • • • 
Ethyl Ä-fluorocarbamate has been-prepare'd by the fluorination 

'*. *   •       • 
of iqueous ethyl, carbomate..     \ study of the properties of this interesting 

compound -is now being made. • •        • 

' The NMR spectrum   ' of this compound is consistent with the 

assigned structure.    It is. interesting that the NF resonance is ifiigh field fron 

triflioroacetic acid.    The position -of "the NH compares with that in nitramines. 

It was found that öthyl R-fluorocarbanate could be dissolved in aqueous alkali 

at 0-10 G without'decomposition and "could be recovered on acidification.    This 

is tho first example of a stable NF anion.    The infrared and NMR spectra are   . , 

shown in Figures.6 and 6a. . • < 

CJLJX3SBF 
2 5 (i 

0 

OH CoH_0CNF 0 
= ? a 

(HI 

*\erolet-General Corp. Report No. 0571-02-5 (Quarterly),  High-SnerRy Qyidizer 
Binders for Solid Propellants,   lk October i960 (Confidential). 

We are indebted to Dr. J. P. Freeman,  Rohm and Haas Co.,  for the NMP analysis. 
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The sodium salt of ethyl N-flourocarbamate reacted readily at 

5-10OC with dimethyl sulfate, and the product of this reaction was identified as 

ethyl II-fluoro-N-methylcarbamate. This compound was also prepared in low yield 

by direct fluorination of aqueous ethyl N-nethylcarbaraate: 

0   NPC02C2Hc 
fcy^ | ouwRyytj 

CILNHCOOCgH   + F2 

(H20) 
^ auacoocji. 

The* sodium salt of ethyl N-fluorocarbaiaate reacted with 

chlorine and bromine to give the corresponding N-vChloro and N-bromo derivatives. 

Both coMpcunds were obtained ]£ gooä yields and their structures were ponfirracd 

by elemental analysis.    It is interesting to «ote that,  except for very slight 

difference in the 12-13|i range,  the infrared spectra of e.thyl N-chloro-N-flucro- 

ind ctliyl N-bromo-N-fluorocarbamate are identical (Figures 7 and 8). 

The podium-salt'of ethyl N-flucrocarbamnte also reacted with 

ethyl chloroformate in -.queous solution to give N-fluorimino dicarboxylic acid 

••diethyl ester in good yields: 

MK     NPCOOC^H    + C1C00C2H5 

Ouo) 
irF(cooc2H5>2 

The product, a high-boiling y.ellow oil, -was isolated arid identified on the 

basis of its infrared spectrum (Figure 9) and.elemental analyses. N-Fluorimino 

dicarboxylic acid diethyl ester was also obtained as a side product in the 

halOgeBOtlon of the sodium salt of ethyl N-fluorocarbamate. 

attempts to synthesize ^N'-difluorohydrasodicarboxylate by 

reacting the sodium salt of ethyl N-fluorocarbamate with ethyl N-bromo-N- 

fluorocarbamate led to the formation of N-fluorimlnodicarboxylate: 

0 
Ba® NFC00CoHr + BrNPCOOCJi 

2 5 2 5 
-^    NF(COOC2H5)2 
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Similarly, the N-fluorininodicarboxylate was produced in the 

reaction between dichlorofluoraiaine and the sodium salt of ethyl N-fluorocar- 

bamate: 

•■ m Cl NF   +    2 Na ^ NPCOOCgH. ^   NP(COOC2H5)2 

In this latter case the objective was to synthesize perfluorotriazenedicarboxy- 

lat«»,   NF(NI'TOOC2H )2. 

. Results of the latter two experiments seem to suggest that 

both N,N'-difluorohydr^zo- and perfluorotriasenedicarboxylate are unstable 

react ion. intermediates and undergo decomposition in an aqueous medium with the 

formation of N-fluorirainodicarboxylate.    Considerable amounts of carbon dioxide 

and nitrous oxide (NO) were produced in these reactions. 

Attempts tp nitrate ethyl N-fluorocarbar.iattf with ?thyl nitrite 

Ir. concentrated sulfuric acid,  with the objective of synthesizing ethyl N-flnoro- 

N-nitrocarbamate,- faildd to give the desired product.    Instead,  a vigorous 

evolution of gaseous products took place,  which vere^identified as carbon dioxide 

and nitrous »oxide: 

NHFC00CoHr + CoH_0N0o . 2 5        2 5      2 

H2S0U ■^ N20 + .C02 

Although aquebuä sodium N-fluorocarbanate was relatively 

stable at low temperatures, it underwent spontaneous decomposition when it was 

alloved to warm up to 20-25oC. The decomposition was highly exothermic, and a 

water-insoluble colorless liquid separated from the reaction mixture during the 

course of the reaction. This material has not yet been identified, but its 

inf r '.red spectrum suggests that t'he compound is *a carbamate. However, it is 

not one of the expected decomposition products: hydrazodicarboxylate, 

azodicnrboxylate, irainodicarbo::ylate, or diethyl oxalate. 
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In addition to the high-boiling liquid, snail amounts of 

gaseous materials were produced during the decomposition of aqueous sodium 

N-fluorocarbnmate. These were identified by infrared spectrum as a mixture of 

carbon dioxide and ethylene. The latter is apparently produced from the ethyl 

group of the carbamate. Still another product of this reaction, sodium fluoride, 

was Isolated and identified. 

The first step of the decomposition of the sodium salt of ethyl 

N-fluoro-carbamate may involve the elimination of fluoride anion with the forma- 

tion of a biradical: 

/^ Ö       HO 
Na •-+ NFCOOC JI. —| >  tNCOOC.H. + NaF 

The expected dimerization product of the biradical, asodicarboxylic acid ester 

was not found. 

Several preliminary attempts have been made to explore the 

uses of ethyl N-fluorocarbaraate and N-fluorimlnodicarboxylate as fluorinating ■ 

agents. In one experiment, ethyl N-fluorocarbomate was reacted with naphthalene 

In concentrated sulfuric acid, with the objective of oynthesislng 1-fluoro- 

naphth'.lene. This reaction would parallel the brominktion of'naphthalene with 

N-bromosucclniraide. No reaction"was' observed at 0-20?C. Wien the mixture was 
o •    * 

warmed to 50-55 C, the solid n-.phthalene gradually disappeared. However, When 

the reaction mixture was poured on ice, a clear solution resulted, suggesting 

that naphthalene was sulfonated rather than fluorinated.- Furthermore, the 

aqueous solution possessed strong oxidizing properties, and ethyl N-fluoro- ' 

carcanatc was recovered on extraction with methylene chloride. 

• * 
Another attempt has been made to use N-fluorocarbamate for NF 

fluorination.    A'mixture of ethyl N-fluorocarbamate and acetamide was heated 

to 90-95 C and kept at this termerature for a period of-Deveral hours.    The 

expeebed N, N-dif luoro'.cetamide was not obtained in this reaction,   and at the 

end of the run large amounts of unreacted N-fluorocarbmato were isolated. 
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One unsuccessful attempt was also made to use N-fluorimino- 

dicarboxylate as a fluorinating agent.    An equlmolar mixture of the material and 

naphthalene was kept at 90-95OC for 7 hr without any apparent reaction. 

Both N-chloro-N-fluoro- and N-bromo-N-fluorocarhamates are 

useful as intermediates for the preparation of NF compounds.    Thus,  ethyl 

N-chloro-N-fluorocarbamate reacted instantaneously with sodium hypochlorite to 

give dlchlorofluorTanine: 

CINFCOOC Hc 2 5 
NaOCl ■i...Pl2NF + C02 

Dichlorofluoramine has been previously synthesized by the Allied Chemical 

Corporation* by reacting sodium azide with chlorine fluoride  (CIF).    The 

physical properties and infrared spectrum of the Aerojet-General product agree 

with those reported by Allied Chemical.    Dichlorofluoramine was also obtained 

by reacting ethyl N-fluorocarbomate with sodium hypochlorite: 

HNPC00CoH_ + IfaOCl 
2 5 

-) C12NP v C0? 

I 

N-Fluoriminodicarboxylate also reacted with aqueous sodium 

hypochlorite to give dichlorofluoraaaine: 

NF(C00C H }2 -: NaOCl •) • Glfg + C02 

Similar reactions might be \ised to prepare other nitroßen halides. 

Attempts to prepare N-chloro-N-fluoroethyl amine by the 

reictionc of ethyl N-fluoro-n-iiethylcarbainate with aqueous sodium hypochlorite^ 

»t O-fc or at 550C,  were unsuccessful.    The starting material was recovered. 

BNTCOOR'   i- NaOCl /—)   RNFC1 + C02 + R'OH 

Allied Chemical Corporation,  General Chemical Division,  Quarterly Progress 
Report,   April-June i960,   Contract No. DA-3O-O69-ORD-265Ö  (Confidential). 
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Since the fluorination of aqueous carbamates gave a mixture of 

the nonofluoro derivative and difluoranine>   it appears the difluorocarbaraates .ire 

hydrolytically unstable.    The fluorination of n-butylcarbaraate was therefore 

carried out in ethylene dichloride to prepare N,N-dlfluorocarbamate in ca. kOf 

yield.    The infrared spectrum (Figure 10) and elemental analysis confirmed the 

structure.   The infrared spectrum oi" n-butyl N-fluorocirbojmte is shown in 

Figure 11.    An attempt to prepare ethyl N, N-difluorocarbamate by this method 

resulted in difficulties because the product apparently   boils at about the 

same temperature as the solvent. 

The expected hydrolytic instability of butyl N, N-difluorocar- 

bamate was confirmed In a reaction with water at 50-50OC to yield difluoramine 

.and carbon dioxide: 

NF, 2C00CuH9 + H20  ^   HNF2 + C02 + C^. OH 

Alkyl N, N-difluorocafbarnates right therefore be used id intermediates for the 

production of difluoramine. Carbon dioxide-free difluoramine could •obssibly 

be obtained by reacting N,N-difluorocarbnmates with alcohols. 

n-butyl N, N-difluororcarbamate' was' found to react readily • 

with aqueous sodium hypochloritc to give chlorodifluoramine: 

NF2C00C^H    ->.  UaOCl CPF2.+ C^H OCOONa 

The Infrared spectrum indicated a high-purity product,  not contaminated by 

carbon dioxide or tetrafluorohydrazino.    This reaction offers a simple route 

to chlorodifluoramine. 

2.        Experimental 

a.        Preparation of Ethyl N-Fluorocarbaraate 

A solution of 270 g ethyl carbar.rtte  (5.0 moles)  In 

5000 nil HJ) was fluorlnated at 0-50C with elementary fluorine (diluted with 

nitrogen,   l:h) until ea. 80 liters of fluorine gas was absorbed (7.0-hr).    The 
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clear and colorless aqueous solution vas extracted with 15 250-nil portions of 

laethylene chloride and the combined extracts were dried over Drierite. The solu- 

tion was filtered and the clear filtrate was concentrated at 20-30 C sni  20-25 

ram Hg pressure to remove the solvent. The residue, a pale-yellow liquid, was 

fracrtionated at reduced pressure to give 75 g of colorless liquid, bp 30 C/0.1- 
25 

0.3 mm, ru' 1.3950. This material was identified as pure ethyl N-fluorocarbamate 

by comparing its infrared spectrum and refractive index with those of a known 

sample. 

The distillation residue, amounting to 150 g, consisted 

of a mixture of ethyl carbaraate and ethyl N-fluorocarbamcte. Vtterapts to remove 

the latter by further distillation gave liquid fractions of higher refractive 

index than that of ethyl N-fluorocarbamate. No attempts have been made to deter- 

mine how much of the product remained in the residue. 

A sample of the residue was dissolved at 0-5 C in excess 
« 

aqueous 20^ sodium hydroxide and the solution was extracted several times with 

methylene chloride solution. The alkaline aqueous solution was acidified with 

hydrochloric acid at 0-5 C and the mixture extracted with methylene chloride. 

Pure ethyl N-fluorocarbamate was isolated from this solution. 
•      • • 

b.   Fluorination of Ethyl Carbamate in Ethylene Chloride, 
Solution 

A solution of 3.9 g ethyl carbamate (0.1 mole) in 550 ml 

ethylene chloride was flucrlnated with elementary fluorine diluted with nitrogen 

(l:5) at -20 to -25 C until h,^  liters of fluorine gas was passed into the 

reaction mixture. The solution remained clear and colorless throughout the run 

and the fluorine was consumed. On distillation of the reaction mixture, it was 

found that the product co-distills with the solvent. The infrared spectrum of 

the solution indicated that the expected product was produced. No further 

atteuipts have been made to isolate the product. 
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c. Fluorlnation of n-Butylcarbamate in Ethylene Chloride 
Solution 

A solution of 9.U g n-butylcarbamate (0.08 mole) in 

350 ml dry ethylene chloride was fluorinated with elementary fluorine diluted 

with nitrogen (l:5) at -10oC until J.S-'+.O liters of fluorine gas was passed Into 

the reaction mixture. At the ond of the run, the clear, colorless solution was 

concentrated to remove the solvent ond the pale yellow residue was distilled at 

reduced pressure to yield 6 g of colorless liquid, bp 60-65 C/20-25 ram, n_ 
25   _       u     > 

1.5780. The material was redistilled and a middle cut, n^ 1.5710, was fiubmitted 

for infrared "and elementary analyses. The Infrared spectrum showed strong • 

carbonyl absorption, several peaks in the NP region (10-12 \i),  and absehce of 

NH absorption at 2.8-5.2 (*...• 

Calculated for CJiJF^IO^. 

C, 59.22; II, 5.92; F, '2^.82] N,' 9.1> 

Found:     ' C; -59.70; H, 6.U5; F, 21.U0;  N, 9.16. 

d. Preparation of n-Butyl N-fluorocarbamate 

A solution (partially in suspension)    of 12 g n-butyl 

carbamate  (0.1 mole) In 650 ml water was fluorinated with elementary fluorine 

diluted with nitrogen "(l^) «t 0-50C until U.5-5.O litern of fluorine; gas was 

• passed into the reaction mixture.    Oxidizing gases were evolved from the 

reaction mixture during the course of fluorlnation.    At the'end of the run the 

aquocus reaction mixture was extracted with five 50-ral portions of methylene 

chloride.    The combined extracts were dried over Drierlte nnd filtered,   and 

the clear filtrate was concentrated.    The residue,  a colorless liquid,  was 

fractionated, -and after removal of 0.75 g of n-butanol,  ecu 0.5 g of a color- 

less liquid,  nT    I.U130, was isolated and identified as n-butyl N-fluorocarbamcte, 

Calculated for NHTCOOC^H :C H^FNO^ 

C,   hk.hk', H,   7.k6} F,   1U.06; N,   10.57 

Found: C,   M.9O; H,   l.kk; F,   IB.*«; N,   10.00. 
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e.       Preparation of Ethyl N-Fluoro-N-Methylcarbanate 

(l)     Direct Fluorlnation of Ethyl N-Methylcarbamate 

A solution of 26 g ethyl N-nethylcarbamate 

(0.25 nple) in 350 mlHgO was fluorinated with elementary fluorine diluted with 

nitrogen (l:U) at 0-5OC until ca^ 11 liters of fluorine gas was passed into the 

reaction mixture.    The reaction mixture was extracted with ten 75-ml portions 

of'methylene chloride and the combined extracts were dried over Drierite.   The 

filtered solution was concentrated and the residue distilled to give 16 g of 

pale yellow liquid, bp 70-73OC/100 nan,  and 3 g of a colorless liquid, bp 

83-85oC/0.'l-0.3 mm. 

The material of the first fraction was fractionated 

to give 3.0 § ttf yellow liquid, bp 60-7^0C/100 mm,* n^5 1.39^1.    The remaining 

produ3t was found to be .mainly ethyl methylcarbamate.    The fraction n^   l^^l 

was redistilled and the middle cut, bp 50OC/10 mm, n^5 I.5869, was taken for in- 

frared and elemental analyses.    The infrared spectrum showed the absence of 1IH 

absorption at 2.8-5.U n, strong carbonyl, and several absorption bands in the 

NF region (10-12 n). 

Calculated for C^raOg (m.w. 121.11): 

c, 39.67; H, 6.66; N, 11.57; F, 15.69 

Found: C,  39-10; H, 6.62; N,  11.97; F, 15-20. 

(2)  ^thylation of the Sodium Salt of Ethyl 
II- Fluorocarbamate 

The reaction was carried out in a 50-ml three-necked 

round-bottomed flask equipped with a stirrer, thermometer, and dropping funnel. 

A solution of 5.1+ g sodium hydroxide (0.085 mole) in 20 ml water was placed in 

the flack. The solution was cooled to 0-50C by means of an ice-water bath. 

Tc this alkaline solution was added dropwise from the dropping funnel, with 

stirring and cooling, 8.6 g ethyl N-fluorocarbamate (0.08 mole) over a period 

of 10 minutes. To the resulting solution of the sodium salt of ethyl 
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N-fluorocarbaoate 5.05 g dlmethylsulfate (O.Ok mole) was added dropwise. The 

reaction was slow but exothermic, and the temperature of the mixture was kept 

at 5-100C for a period of 60-70 min. A white solid (sodium sulfate) and pale- 

yellow oil separated during the course of the reaction. The reaction mixture 

was extracted with three 25-ml portions of methylene chloride and the combined 

extracts were dried over Drierlte. The filtered solution was concentrated and 
o 

the residue was distilled to give U.5 g of pale yellow liquid, bp 20-22 C/0.5- 

1.0 mm, n?5 1.5900. The  Infrared spectrum of this material was identical to that 

of ethyl N-fluoro-N-methylcarbamate.     •.' .       •    • 

f.   Preparation of Ethyl N-(fhloro-N-Fluorocarbamate 

This reaction was carried "out in a 100-ml three-necked* 

round-bottomed flask equipped with a kirrer and gas inlet and outlet tubes. 

The sodium salt of ethyl N-fluorocarbamate was prepared by dissolving-U.5 g 

ethyl N-flucrocarbamate {O.Ok mole) in a solution'of 1.6 g sodium hydroxide •  • 

(O.OU mole) in 25 ml water at 0-50C. The solution, together with 25 nl .methylene 

chloride, was placed into the reaction flask. Chlorine gas was passed into'.the ^ 

cold (0-5OC), vigorously stirred mixture over a period of U5-60 min. At the 

end of the run the reaction mixture was allowed to warn to .room temperature, the 

phases were separated, and the aqueous solution was extracted with two 25-ml 

portions of methylene chloride. The methylene chloride solution and the extracts 

were combined, dried over Drierlte, and filtered. The filtrate was concentrated 

and the pale.-yellow liquid residue was distilled to give 5.2 g of a colorless 

liquid, bp;50-U0OC/20 nrn, and 1.1 g of a pale-yellow liquid, bp 50-60 C/0.2- 

0.5 ra. TMe lower-boiling product apparently containing some residual solvent — 

was fractionated. After removal of a forerun, a water-clear colorless liquid 

was obtained, bp k<fc/60-10 m, n^5 l.hQ15.    The infrared spectrum of this 

material showed absence of an IIH absorption peak, strong carbonyl, and several 
■ 

absorption peaks in the NF reclon (10-12 n). 

'commercial chlorine was condensed at -800C until 1.82 ml of liquid was 
collected. This amount of liquid chlorine corresponds to O.OU mole of the 
material. The liquid chlorine was allowed to evaporate and was passed 
into the reaction mixture by means of the gas inlet tube. 
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Calculated for C-H ClPWOg (m.w. 1U1.5U) 

C, ZS.te; H, 5.56; N, 9-90; P, IJ^S 

Ftound:      C, 26.80; H, 3.50; K, 9-76; P, 11.60. 

g.  Preparation of Ethyl N-Bromo-N-Pluorocarbanate 

To a mixture of O.OU mole, of sodium salt of ethyl 

N-fihiorrjcarbatnate In 15 ml water and 50 ml tetrachloride was added dropwise, 

with vigorous stirring at 0-5?C, elementary bromine until the bromine color was 

no longer observed. The reaction was completed in 10 min. The phases were 

separated and the aqueous phase was extracted with three 30-inl portions of 

cirbon tetrachloride. The carbon tetrachloride solution and extract^ were 
• 

combined, dried, and filtered. The orange*yellow clear filtrate was concen- 

trated to remove the solvent and the orange-red liquid residue was distilled 

to glvG'ö.O g of orange-yellow liquid, bp 30 C/O.l-0.5 mm, n* 1.^25. The 

material was redistilled and the middle cut, bp 30 0/0.1-0.5 mm, n^ 1.^21, 

was taken for infrared and elemental analyses. The infrared spectrum.of the 

product was found to t>e almost identical with that'of pthyl N-chloro-N- 

. fluorocarbamate.      •  .  . « 

Calculated for C,HJ3rFM02.(m.w. 185..99) ' * . 

C,  19.56; H, 2.71;-N, 7.53; Br, ^2.96; F, 10.20 
• ■ • 

Pound:   .   C, 20.00; H, 2.U3; N, 7.6O; Br, U5.OO; P,. 10.70. 

h. .  Preparation of N-Pluorolminodicarboxylate 

(l)  From Sodium Ethyl N-Pluorocarbanate and 
ChloroethyIf0rmate 

, The sodium salt of ethyl N-fluorocarbamate was 

prepared by dissolving, at 0-5 C, 5^ g ethyl N-f luorocarbamate (0.05 mole) In 

a solution of 2.0 g sodium hydroxide (0.05 mole) in 50 ml H?0. The solution 

was placed in a 100-ml round-bottomed three-necked flask equipped with a 

dropping funnel, thermometer, and stirrer. To the vigorously stirred solution 
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was added from the dropping funnel, at 5-10oC, 5.U g ethyl chloroformate 

(0.05 mole) over a period of 10 min. The reaction was mildly exothermic and 

a pale-yellow oil separated gradually as the reaction progressed. After the 

addition of the ethyl chlorofomate, the mixture was stirred for nn additional 

10 min. The mixture was extracted with two 25-ml portions of methylene chloride. 

The combined extracts were dried over Drierite and filtered, and the clear fil- 

trate was concentrated to renßve the solvent. The residue, a pale-yellow liquid, 

8.5 B, vas fractionated to give 6.5 g of yellow liquid, hp 55-58OC/0.1-0.5 mm, 

ri!5 1.1*11*0, and 1.0 g of a colorless liquid, bp 80-85OC/0.1-C.5 mm, nD  1.^250^ 

The lower-boiling liquid was redistilled and middle cut, bp 55OC/0.1-0.3 mm, nD ' 

I.U1U5, (5.0 g) was submitted for Infrared and elemental analyses. 

Calculated for NFCCOOCgH^tCgH^FMO^ 

.C, to.22; H, 5.63; P, 10.6l; N, 7.82 

Found:      C,. 1)0.25; H, 5.75; F, 10.90; N, 7.72. 

(2)  From Sodium Ethyl N-Flubrocarbanate and Ethyl 
II-Bronc-N-f luorocerbamat e 

The sodium salt of ethyl N-fluorocarbamate was 

prepared by dissolving"1.0 g ethyl N-fluorocarbanate (0.0095 mole) in 15 ml 

water containing 0.2U g sodiun hydroxide (0.006 mole).*  From a dropping funnel, 

0.9 g ethyl N-brono-N-fluorocarbnmate (O.OOW mole) at 0-5OG was added, with 

stirring over a period of 5-10 rain. The reaction mixture was stirred for 10 min, 

and at the end of the run the yellow oil was extracted with two 10-ml portions 

of methylene chloride. The combined extracts were dried over Drierite and 

filtered, and the clear filtrate was concentrated to remove the solvent. The 

yellow liquid residue was distil.led to give 1.0 g yellow liquid, bp 55-^5 C/0.1- 

0.5 nn, IU5 1.^165. The material was redistilled and a middle cut, 

bp l^.l^C/O.l mm, n^
5 1.1+158, was collected. The infrared spectrum of the 

material was found to be Identical to that of N-fluorolmlno-dlcarboxylate. 

I 
I 

*An error was made In the calculations and an excess of H-fluorocarbamnte was 
used in the preparation of the salt. 
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(3)      From Sodium N-Fluorocarbamate and 
Dichlorofluorandne 

The sodium salt of ethyl N-fluorocarbamate was 

prepared by dissolving U.O g ethyl N-fluorocarbamate (0.0571»- mole) at 0-5 C 

in 50 ml water containing 1.5 g sodium hydroxide (O.037U mole).   The solution 

was placed in a 50-ral round-bottomed t'iroe-necked flacl: equipped with a stirrer 

and gas inlet and outlet tubes.    Into the vigorously stirred solution (0-5 C) 

was passed via gas-inlet tube approximately 2 g of.dichlorofluoramine over a   - 

period of JO nin.    The reactor was connected in series with an evacuated infrared 

gas cell and a -800C trap.    The gaseous materials escaping from the reactor 

were found (infrared spectrum) to be a mixture of carbon dioxide, nitrous oxide, 

and dichlorofluoramine.    Approximately 0.5 ml of the mixture,  containing mainly 

unreacted dichlorofluoramine, was found in the -80 C trap af; the and of the run. 

At the end of the run the reaction mixture" contained 

1 to 2 ml of a heavy yellow oil which was extracted with three 10-ml portionc 

of methylene chloride.   The combined'extracts were dried over Drierite,  filtered, 

and concentrated.    The residue, yellow oil, was'fractionated to give 0.8 g of    . 

yellow liquid, bp 50-52 C/0.2 mm, fL? iXlhO,   The .infrared spectrum of this 

material was found to be Identical In all respects with that of-N-fluoroimino- 

cllcarbo::ylate. - .   . 

(U)*    Sidp Product in Chlorlnation of Sodium 
N-ELuorocarbamatfe . 

The side product obtained in chlorlnaticn of the 

scdiun salt of ethyl N-fluorocarbamate, bp 50-6o0C/0.2-0,3 mm, was subsequently 

Identified as N-fluorlminodicarboxylate by comparing its Infrared spectrum with 

that of an authentic sample. 

i.        Nitration of Ethyl N-Fluorocarbamate 

To a solution of 2.7 g ethyl N-fluorocarbamate  (0.025 

mrle)  in 15 ml concentrated sulfurlc acid at 0-5 C was added,  with vigorous 

stirring,   from a dropping funnel,   2.3 g ethyl nitrate (0.025 molt),  over a 

period of 30 min.    The reactor was connected in series with an evacuated Infrared 
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gas cell. The reaction was very vigorous and large oraounts of gaseous products 

were evolved. Infrared spectrum showed that the gaseous products were a mixture 

of carüon dioxide and nitrous oxide. No nonvolatile products of any kind could 

be Isolated from the reaction mixture. 

J.  Decomposition of Aqueous Sodium Ethyl N-Fluorocarbannte 

Into a 50-ml three-necked round-hottomed flask equipped 

with a dropping funnel, a stirrer, and a gas-outlet tube was placed a solution 

of 1.0 g sodium hydroxide (0.025 maLe) In aDmLcf voter. The reactor was connected in 

series with an evacuated infrared gas cell and a -80 C trap. To the cold 

(0-5 C), vigorously stirred solution was added from the dropping funnel 2.7 g 

ethyl N-fluorocarbamate (0.025 nole) over a period of 2 to 5 min. Hie reaction 

mixture was allowed to warm un to 20-250C, at which temperature a slow gas' 

evolution began. The decomposition was slow at this temperature, and after 

25-30 nin the mixture was heated up to U5-50OC and kept at this temperature for 

an additional 60 min, at which time the reaction was completed. The gaseous 

products escaping from the reaction mixture during the course of decomposition 

were found (by infrared spectrum) to be a mixture of carbon dioxide and some 

ethylene. 

At the end of the run the reaction mixture contained some 

yellot; crater-Insoluble oil and some «hit« solid. The solid was removed by filtra- 

tion and washed with raethylene chloride. The solid was otfosequently washed with 

cold water and with acetone. Tills solid was identified as sodium fluqrlde by 

comparing its infrared spectrum (KBr pellet) with that of on authentic sample. 

The aqueous filtrate was extracted with five 20-inl 

portions of methylene chloride. The extracts were combined with methylene 

chloride washings, dried over Drierlte, filtered, and concentrated. The yellow 

liquid residue was distilled to give 1.0 g of a colorless liquid, bp 95-105 C/0.1- 

0.3 mm, n_ 1.^320. The infrared spectrum of this material indicates that the 

compound is a carbmate. Partial elemental analysis showed the presence of 

10A;' nitrogen. 
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*        k.   Attempted Preparation of 1-Pluoronaphthalene 

To a suspension of 5.85 g naphthalene (0.03 mole) in 

15 ml concentrated sulfuric acid was added, at 0-50C, 3.2 g ethyl N-fluoro- 

carbamte (O.OJ mole) from a dropping funnel. The reaction mixture turned 

somewhat dark in color, hut no reaction was observed at this temperature. The 

mixture was heated up to U5 C, at which temperature the solid naphthalene 

disappeared in ca^ 60 min and solid-deposited on cooling. The mixture was 

poured on ice and diluted to 200 ml with water. A clear solution resulted, 

indicating that the expected 1-fluoronaphthalene was not present. The aqueous 

solution possessed strong oxidizing properties, suggesting that unreacted ethyl 

N-fluorocarbamate was present. The solution was extracted with five 25-ml por- 

tions of methylene chloride and on working up the solution, ethyl N-fluoro- 

carbanate-wäs isolated and .identified. 

.1.   Attempted Preparation of N^N-Difluoroacetamide 

A mixture of 0.6 g acetamide (0.01 jnole) and 2.,7 g 

ethyl Is-fluorocarboriate (0.025 mole) was heated to 85-950-C and kept at this 

temperature for a period of 3 hr;. Small amounts of gaseous products were 

evolved during the course of the reaction and the gaseous products were identified 

by infrared 'spectrum, ,as a 'mixture .of carbon dioxide, nitrous oxide, and some 

ethylene. At the end of the run, -most of the ethyl N-fluorocarbamate was 

recovered. Small amounts of unidentified yellow oil were also present in the 

reaction mixture. No trace of the expected N,N-difluoroacetomide could be 

detected in the reaction products. 

m.   Preparation of Dichlorcfluoranine from 
N-Fluoroiminodicarboxylate 

To 20 ml sodium hypochlorite (Clorox - 5-5^' aqueous sod- 

ium hypochlorlte)rat 0-5 C was added with vigorous stirring 0.9 g N-fluoroimlno- 

dicarooxylate. The reactor was connected in series with a -80 C trap. After 

15 rain the reaction mixture was warmed to 15-20 C and kept at this temperature 

for a period of 30 min, at which time the gas evolution was completed. At the 
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end of the run 0.2-0.3 ml of a low-boiling pale-yellow liquid was present In the 

-800C trap.    A sample of the material was submitted for infrared analysis in a 

gas cell.   The infrared spectrum of the material was identical with that of 

dichlorofluoramine (absorption peaks at 12 and 12.2 [i).    The material was con- 

taminated with carbon dioxide and nitrous oxide. 

n.       Attempted Jluorination of Naphthalene with N-Fluoroiraino- 
dicarboxylate 

A mixture of 1.28 g naphthalene (0.01 mole) and 1.8 g 

N-fluoroiminodicarboxylate (0.01 mole) was heated to 90-950C and kept at this 

temperature for a period of 7 hr.    No reaction occurred under these conditions, 

and or. cooling to room temperature the unreapted naphthalene crystallized out 

from the reaction mixture. 

o.       Preparation of Dichlorofluoramine 

ft.)      From Ethyl N-Fluorocarbämate 
* ■ • 

To 150 ml sodium hypochlorite,  Clorox,  in a 

250-irl- three-necked round-botto.ned flask equipped with a stirrer, dropping 

funnel,  and gas-outlet tube was added at 0.5 C over a period of 20-25 min, 

5.1* g ethyl N-fluorocarbamate (0.05 mole).   The reactor was connected with a 

-8C0C trap to condense volatile materials escaping during the course of the 

reaction.    At the end of the run 0.5 nl of yellow liquid was in the -80 C 

trap,  and there were larger anounts of the heavy yellow liquid on the bottom of 

the reaction flask.    Vfhen the reaction mixture was allowed tc warm up to 25 C, 

the yellow product distilled into the -80 C trap and ecu 1,7-1.8 ml of the 

material accumulated.    The crude product was purified by trap-to-trap distllla- 

tlon and 1.7 ml was collected In a -20 C trap.    A sample of the material was 

Eubnitted for infrared analysis.    The spectrum showed two very strong abBorpticr. 

peaks at 12.0 and 12.2 |i.    Carbon dioxide was also present in the sample. 

(2)      From Ethyl N-Chloro-N-fluorocartamate 

Using an apparatus similar to that described above, 

0.7 g of athyl N-chlcrc-N-fluorocarbamte was added dropvise over a period of 
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5 min to 20 ml sodium hypochlorite (Clorox) at 0-50C. At the end of the run, 

0.25 ml of yellow liquid accumulated in the -800C trap. The infrared spectrum 

of this material was found to be Identical in all respects with that of 

dlehlovoflunromine prepared from ethyl N-fluorocarbamate. 

p.   Hydrolysis of n-Btttyl N,N-Difluorocarbamate 

To 10 ml water in a 25-ml three-necked round-bottcmed 

flask equipped with a'stirrer, a dropping funnel, and a gas-outlet tube 

connected to a -80 C trap 1.3 g n-butyl N, N-dlfluorocarbamate at 0-50C was 

added dropwlse. No reaction took .place at this temperature. After a few 

minutes the mixture was warmed to 50-55OC and kept at this temperature for a 

period of 20 rain. During the varmup, the "reaction nurture evolved oxidizing, 

gaseous material which condensed in the -800C trap In the form of a colorless 
• 

liquid. Only c^ 0.1 ml of the liquid was collected. A sample of the liquid 

was allowed to evaporate lnto-ai\ evacuated infrared gas cell and an infrared 

FT>eotrun of the gaseous material was recorded. The spectrum was found to be 

Identical in all respects with that of difluoramlne, except that the material 

was ccntaminatedwith carbon* dioxide. 

q.   Preparation of Chlorodlfluoramlne fron n-Butyl 
N, N-Difluorocarbamate 

To 20 nl of 5.5^' aqueous sodium hypochlcrlte (Clorox, 

pH 10-10.5), 0.3 g n-butyl N,K-difluorocarbamate was added, at 0-5nC, with 

vigorous stirring. The reactor was connected in series with, an evacuated 

infrared gas cell to collect gaseous products escaping from the reactor. After 

15 min the reaction mixture was warmed to 30-35cC and a sample of gaseous 

material escaping from the reactor was subjected to Infrared analysis. The 

infrared spectrum of the product was found to be identical to that of chlcro- 

dlfluoraolne. No other absorption peaks except those reported for chloro- ' , 

dlflr.oramine were present in the Infrared spectrum. 
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r»   Attempted Preparation of N-Chloromethylfluoramine 

Ethyl N-fluoro-N-methylcarbaraate (1.2 g) was added, with 

vigorous stirring, to JO ml 5.5^ aqueous sodium hypochlorite at 0-5 C. The 

reactor was connected in series with an evacuated infrared gas cell and a -80 C 

trap. No reaction occurred at 0-50C. After 15 min the reaction mixture was 

heated to kO-kfc  and kept at this temperature for a period of 1.5 hr. Again, 

no reaction of any kind was observed. At the end of the run the mixture was 

cooled to 20-25OC and extracted with nethylene chloride. On working up the 

solution, ethyl N-fluoro-N-methylcarbamate was isolated and identified by 

comparing its infrared spectrum with that of an authentic sample.       . • ^ 

C.   AQUEOUS FLU0PINATI0II (V. Grakauskas) 

1,   Discussion 

Direct fluorination of aqueous urea to H,N-difluorourea nni 

hydrolysis of the latter to the difluoramine were discovered at Aerojet-General 

more than a year ago.* Since that time, this process has been found quite 

useful in preparing difluoramine. The increasing importance of N,JI-difluorourea 

as an intermediate for the preparation of difluoramine emphasizes the need for _ 

core information concerning the details of the reaction. 

The fluorination of urea is run routinely in U-raole batches. 

In several cases, for reasons not yet completely understood, the otherwise 

clear and colorless aqueous solution became yellow and turbid during the course 

of fluorination and, at the end of the run, deposited small amounts of yellow 

solid. A similar reaction was also noticed when the incompletely fluorinated 

aqueous difluorcurea solution was allowed to age. 

In one experiment, the yellow solid was isolated by filtering 

the cloudy aqueous diflucrourea solution at the end of the fluorination. This 

solid was identified as biurea by comparison with an authentic sample. From the 

aqueous solution from which this product was recrystallized, a second material 

was also found, which was Identified as azodicarbodiamide. 

*Hip;h-Energy Oxidlzer Binders for Solid PropeHants., Aerojet-General Report 

No. 0371-02-2, July I960 (Confidential). 
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The fowation of biurea during the fluorination of urea suggests 

that nonofluorourea, intermediate in the fluorination, reacts with urea to yield 

the product: 

NH2C0NHF + NH2C0NiI2 > {  NHCONH^ + HP 

It is not clear why this side reaction occurred in Only a few of the runs,  ^ 

oltliough the coupling might he catalyzed by sunlight. 

The direct fluorination of aqueous phenyl- or o-tolylurea was 

described in the previous quarterly report.* It was found that in both cases 

the same volatile liquid is produced. This material wqs found to contain four 

major components, one of which is present in U^ 10$ concentration. 

This component was also formed when an aqueous solution of 

difluorourea, hydrofluoric acid, and benzoquinone'was allowed to stand at room 

temperature. To check the possibility that difluoraralne, the hydrolysis product 

pf N,i:-difluorourea, w^ involved, a mixture of benzoquinone and aqueous 

dlfluoramine was kept at a0.25OC for a period of four days. No volatile reaction 

products were obtained al€hough this observation, based on one experiment, is 

not conclusive. 

The structure of this compound is not yet known. The molecular 

welglit by vapor density, extrapolated to zero pressure, was determined to be 

150. The NMF spectrum** showed fluorine, but no hydrogen. The sample sixe, 

however, was too •mil to give a well-defined F1 spectrum. 

Attempts have been made to decompose the compound with either 

concentrated sulfuric acid or concentrated aqueous sodium hydroxide^ In both 

caaes no reaction took place even after prolonged stnnding at U5-550C. The 

starting material was recovered. 

Aerojet-General Report No. 0255-01-10, l^ April 1901, P- IB (Confidential) 

Dr. D. W. Moore, Naval Ordnance Test Station, China Lake. 
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2.   Experimental 

a. Attempted hydrolysis of the Uhhnovn Reaction Product 
of o-Tolylurea Fluorination 

(1) Acid Hydrolysis 

Ten ml of concentrated sulfuric acid was placed 

in a 50-inl three-necked round-lsottomed flask equipped vith a stirrer, gas-outlet 

tube, and dry ice-acetone reflux condenser. The top of the condenser was 

connected in series with a -80 C trap. To the vigorously stirred siOforic acid 

0.6 ml of low-boiling liquid (bp 2k C) obtained in direct fluorination of 

aqueous o-tolylurea was introduced at 0-5 C. No reaction was observed at 0-5 C 

and the mixture was warmed gradually to Uo-U50C and kept at this temperature for 

a period of 2 hr. No gaseous products were produced during the course of this 

reaction (no pressure buildup) and the -80 C trap remained empty. At the end 

of the run, the dry ice-acetone condenser was allowed to warm up and the volatile 

material» was distilled and accumulated in the -80OC trap. The volatile liquid 

was Identified as starting material by infrared spectrum and amounted to 0.5 ml. 

(2) Alkaline Hydrolysis 

Using the apparatus described above, O.U ml of the 

material was added to a solution of ^.5 g sodium'hydroxide in-10 ml H-Q-at 

0-5 C. No reaction occurred at this temperature, and the mixture was -allowed 
o •        * 

to warm to 55 C, and was kept at this temperature for a period of 1 hr. At the 

end of the run the starting material was recovered quantitatively and identified 

by Infrared spectrum. 

b. Reaction Between Benzoquinone and Difluorourea- 

To a suspension of 11 g recrystallized benzoquinone 

(O.l mole) in 200 ml HO was added, with stirring, 500 ml aqueous difluorourea 

(0.5-0.^ mole difluorourea and approximately 0.6-0.8 mole hydrofluoric acid) 

at 0-5 C. The reactor was connected in series with a -800C trap. No visible 

changes occurred when the reaction mixture was allowed to stand for a period of 

50 min. At this time, the cooling was halted and the reaction mixture was 
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allowed to warm to 25-300C. At this temperature, some gaseous materials began 

to escape and the reactor contents turned progressively darker in color. The 

reaction mixture was allowed to stand overnight at room ten^perature. During 

this time 0.2-0.5 ml of a volatile colorless liquid accumulated in the -80 C 

trap. A sample of the product was submitted for infrared analysis and the 

spectrum was found to be identical with that of the product obtained from direct 

fluorlnation of aqueous o-tolylurea. 

i 

r 

i. 

D.   REACTION OF DICHLOROFLUORA-'ONE WITH TETRAFUJOROfflfDRAZINE 
(P. M. Iloff) 

1.   Discussion 

The reaction of dichlorofluoramlne with tetrafluorohydrazine 

was attempted, with the objective of preparing chlorotrlfluorohydrazine, a 

potentially valuable intermediate. A reaction took place readily at 0 C, when 

dlchlcrofluoramine was treated with excess tetrafluorohydrazine. The dichloro- 

fluoraraine was consumed, and a new naterlal with approximately the same boiling 

point was formed. However, this material decomposed completely after several 

hours at room temperature, with the formation of chlorine, N^g, and products of 

attack on glass. 

The boiling point, spectral properties, and decomposition 

products of this material are in line with those expected for chlorotrlfluoro- 

hydrazine. However, the observed instability indicates considerable difficulty 

In synthetic application. Dichlorofluoramlne was found to be relatively stable 

under the conditions in the above reaction. 

2.   Experimental 

a.   Reaction of Dichlorofluoramlne with Tetrafluorohydrazine 

A 1-liter Pyrex bulb was charged with N-F^ (l6.5 mmolec) 

and 01 NF (2.97 nancies) at -1960C. The bulb was then kept at 0 C for 5.75 hr. 
2 Q • 

The ^as was then passed slowly through a -80 C U-trap but nothing vac stopped in 

the trap.    The mixture was passed twice through a -126 C trap.    The fraction tha.\ 

passed through,   l6.5 iranoles,  was shown to be mostly Hgfy with some ClNFg by 
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infrared absorption. The fraction held by the -1260C trap did not contain any 

Cl N? (infrared). It was passed through a -1120C trap twice and the material 

held at -1120C was removed immediately after each pass. The fraction held at 

-1120C was 1.25 ramoles of gas, consisting of N0C1 and SiFj, and negligible 

chlorine as indicated by infrared and ultraviolet absorption spectra. The 

fraction which passed through a rll20C trap (but was held at -1260C) consisted 

of 1.9^ ranoles of gas. Infrared and ultraviolet spectra were taken at this 

time and after about three hours. The amount of chlorine (UV max. 535) increased, 

whereas infrared absorption bands initially present at 12.8 and 13-05 P dis- 

appeared, and absorption bands between 10.5 and 11.0 |i decreased considerably. 

The infrared now showed definitely only the bands attributed to Sify WgO^, and 

both the active and inactive forms of NgPg. The infrared cell used contained 

a glass stem which was attacked by the contents of the cell. There was no 

evidence of formation of a non-condensable. 

b. Stability of ClgNF 

It was desired "to find out if any'decomposition of 

C1_NF would occur under the conditions of the above reaction. Thus, 5-06 nnöoles 

of C1JV was held in a Pyrex bulb at O^C for 5' hr 35 min and then 2.6? ramoles 

of gas was recovered. This gas was shown to be riearly pure Cl^F with only 

traces of NO, and SiF^, as shown by Infrared absorption. 
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